Intensely cytotoxic anthracycline prodrugs: glucuronides.
We previously reported the synthesis of a series of doxorubicin analogue prodrugs that give rise to intensely cytotoxic metabolites in the presence of carboxylate esterases. We now report studies on structurally related beta-glucuronide prodrugs that are converted to similar potent metabolites in the presence of beta-glucuronidases. These prodrugs were prepared by reductive condensation of daunomycin or doxorubicin with methyl 1-O-[(1'RS)-1'-ethoxy-4'-oxobutyl]-2,3,4-tri-O-acetyl-beta-D- glucopyranosyluronate in the presence of sodium cyanoborohydride followed by base-mediated cleavage of the glucuronate protective groups. The doxorubicin derivatives were isolated in very low yield, most likely because of the inherent base lability of the parent aglycone. By contrast, fairly good yields of the more base-stable daunomycin analogues were obtained. The target daunomycin glucuronide, N-[(4"RS)-4"-ethoxy-4"-(sodium 1"'-O-beta-D-glucopyranuronate)butyl]daunorubicin (6a), had a half-life of 30 h when incubated at a concentration of 12 microM in aqueous 0.05 M phosphate buffer, pH 7.4, at 37 degrees C. Under identical conditions in the presence of 197 units/mumol of Escherichia coli beta-glucuronidase, 6a was hydrolyzed with a half-life of 1.7 h. The single metabolite observed was chromatographically identical with that formed from the hydrolysis of N-(4,4-diacetoxybut-1-yl)daunomycin by carboxylate esterases. 6a was approximately 10,000-fold more toxic to human A375 melanoma cells in the presence of E. coli beta-glucuronidase than in the absence of the enzyme. These findings indicate the therapeutic potential of anthracycline glucuronide prodrugs as independent entities or four use in conjunction with enzyme tissue-targeting strategies such as antibody-directed enzyme prodrug therapy (ADEPT) or gene-directed enzyme prodrug therapy (GDEPT).